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Abstract

Background—Co-verbal gestures refer to hand or arm movements made during speaking.
Spoken language and gestures have been shown to be tightly integrated in human communication.

Aims—The present study investigated whether co-verbal gesture use was associated with lexical
retrieval in connected speech in unimpaired speakers and persons with aphasia (PWA).

Methods & Procedures—Narrative samples of 58 fluent PWA and 58 control speakers were
extracted from Cantonese AphasiaBank. Based on the indicators of word-finding difficulty (WFD)
in connected speech adapted from previous research, and a gesture annotation system with
independent coding of gesture forms and functions, all WFD instances were identified. The
presence and type of gestures accompanying each incident of WFD were then annotated. Finally,
whether the use of gesture was accompanied by resolution of WFD, i.e., the corresponding target
word could be retrieved, was examined.

Outcomes & Results—Employment of co-verbal gesture did not seem to be related to the
success of word retrieval. PWA’s naming ability at single-word level and their overall language
ability (as reflected by the aphasia quotient of the Cantonese version of the Western Aphasia
Battery) were found to be the two strongest predictors of success rate of resolving WFD.

Conclusions—The Lexical Retrieval Hypothesis highlighting the facilitative functions of iconic
and metaphoric gestures in lexical retrieval was not supported. Challenges in conducting research
related to WFD, and the clinical implications in gesture-based language intervention for PWA
were discussed.
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Introduction

Spoken language and gestures are tightly integrated in human communication (Goéksun,
Lehet, Malykhina, & Chatterjee, 2015). Co-verbal gestures refer to hand or arm movements
made during speaking (Willems & Hagoort, 2007). They are a form of non-verbal means of
communication commonly found in everyday interaction. It has been proposed that language
parallels gesture use in humans and both modalities of expression originate from the same
system (e.g., Butterworth & Hadar, 1989; McNeill, 1992, 2005) and, therefore, are subject to
impairment at the same time. An opposite view, where language and gestures are from
separate but interrelated systems, has also been put forth. This position emphasized that
language and gestures are complementary to each other, i.e., gestures may play a facilitative
role to compensate for one’s language impairment. For example, the Information-packaging
Hypothesis (Kita, 2000) specifies that the role of gestures is to help organize and package
information as an integral part of the whole process of language formulation. Other similar
models include the Mutually Adaptive Modalities Hypothesis (de Ruiter, 2006), Trade Off
hypothesis (de Ruiter, Bangerter, & Dings, 2012; Van der Sluis & Krahmer, 2007), and
Lexical Retrieval Hypothesis (Krauss, Chen, & Gottesman, 2000), which highlight the
functional role of lexical gestures, particularly iconic and metaphoric gestures (McNeill,
1992), in word finding.

Persons with aphasia (PWA) often experience the clinical feature of anomia, or word-finding
difficulties (WFD), which impact their daily communication. The Lexical Retrieval
Hypothesis has been utilized as the basis of word finding training, assuming that gesture
employment may improve PWA’s naming ability at the lexical level (see Rose, Raymer,
Lanyon, & Attard, 2013). WFD in connected speech have also been reported, together with a
range of indicators suggested for identifying incidents of anomia. They include verbal,
phonemic, or semantic paraphasias, neologism/jargon, false-start, revision or reformulation,
repetition, pause and/or filler greater than two seconds, abandoned sentence, deletion,
personal comment indicating difficulty in retrieving targets, indefinite words, overuse of
pronoun or pronoun without antecedents, and circumlocution. Details of these indicators can
be found in Boyle (2014, 2015), Brookshire and Nicholas (1995), Doyle et al. (2000), and
McNeil et al. (2007).

Evidence supporting Lexical Retrieval Hypothesis

Studies investigating the role of co-verbal gestures for lexical retrieval have adopted
different approaches and designs. One of the approaches is to examine the effects of
restricting gesture use on speech fluency in unimpaired speakers. For example, Graham and
Heywood (1975) compared unimpaired speakers’ (n=6) description of geometrical line
drawings in free versus restricted gesturing conditions. The group with restricted gesture use
was characterized by altered semantic content of utterances and increased pausing time.
Morsella and Krauss (2004) also examined how unimpaired English speakers (n=79) utilized
gestures when asked to describe visual objects that were either present or absent in front of
them. Speakers with restricted gesturing were found to have more dysfluent speech output.
Similar conclusions have been drawn by Rauscher, Krauss, and Chen (1996) who studied the
description of animated cartoons in 41 unimpaired speakers. Participants restricted from
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gesturing were observed to be less fluent and used more filled pauses in their output
involving spatial content. Such a difference was absent in output containing non-spatial
contents. Another approach examined the effects of restricting gesture use among
unimpaired speakers during moments of tip-of-the-tongue (TOT), which could typically be
induced by oral naming tasks upon presentation of definitions of low-frequency words. A
facilitative effect of gesture was illustrated by Frick-Horbury and Gutentag (1998) who
observed significantly more words retrieved by participants who were allowed to gesture
(than those who were restricted). In short, the above studies supported the Lexical Retrieval
Hypothesis as they showed the effects of restricting gesturing use on spoken output,
resembling occurrence of WFD. Recently, de Ruiter (2006) has further interpreted the
results of the above studies and claimed that gestures compensated for, instead of assisted,
lexical retrieval. It was argued that as spatial terms were more efficiently expressed through
gestures, the language modality had to be adapted to be more elaborate. Thus, the reduction
of speech fluency with spatial terms upon restriction of gesture was not unexpected.

Another source of evidence supporting the Lexical Retrieval Hypothesis came from studies
of PWA. The systematic review on gesture treatments for post-stroke aphasia (Rose et al.,
2013) highlighted the clinical importance of introducing symbolic gestures to improve
PWA’s picture naming (in group or single-case experiments). Iconic gestures have been
claimed to facilitate object naming in PWA impaired in phonological access, storage, or
encoding (Rose & Douglas, 2001). Gesture interventions for anomia might be combined
with verbal elements, both of which had been shown to alleviate WFD in confrontation
naming (e.g., Raymer et al., 2006; Rose & Sussmilch, 2008)1. When gestures accompanying
conversations with or without WFD were examined in PWA (n=18), Lanyon and Rose
(2009) observed that participants resolved more WFD through meaning-laden gestures; that
was not the case without gestures. Hence, use of gestures seemed to benefit English-
speaking PWA’s word retrieval in both single word and connected speech production.

Recently, two large-scale studies comparing Cantonese-speaking PWA and controls have
suggested PWA’s gesture use play a critical role in facilitating word finding. Using
transcripts and videos retrieved from Cantonese Apha’siaBank2 (Kong & Law, 2015), Kong,
Law, Wat, and Lai (2015) examined the use of co-verbal gestures in spoken discourses (a
monologue, two stories, and a procedural description) produced by 131 PWA and 48
controls. Gestures annotation followed procedures and guidelines in Kong, Law, Kwan, Lai,
and Lam (2015). There was a total of six gesture forms: iconic, metaphoric, deictic, emblem,
beat, and non-identifiable, and eight gesture functions: (i) providing substantive information,
(i) enhancing speech content, (iii) providing alternative communication means, (iv) guiding
and controlling speech flow, (v) reinforcing intonation or speech prosody, (vi) assisting
lexical retrieval, (vii) assisting sentence re-construction, and (viii) no specific functions
deduced. It was observed that higher use of gestures in the PWA group was associated with
improved lexical retrieval. A follow-up study by Kong, Law, and Chak (2017) compared co-

IThe degree of treatment effects might depend on whether a PWA’s WFD is phonologically or semantically based (e.g., Rose &

Sussmilch, 2008).

For details of the database (e.g., participant characteristics, language and video sample setup, or behavioral and/or language test
results), refer to Kong et al. (2017).
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verbal gesture employment among 23 fluent PWA, 21 non-fluent PWA, and 23 controls. The
results revealed an association between improved WFD and use of non-content-carrying
gestures among PWA (unlike the use of content-carrying gestures in controls during WFD).
As these two studies adopted an observational design to examine the co-occurrence of
gesture and resolution of word retrieval, a causal relationship between the two could not be
established. Moreover, the demonstration of a clear connection between the gestures
employed and their corresponding function(s) was potentially limited by the methodology
adopted in Kong, Law, Wat, et al. (2015) and Kong et al. (2017). Specifically, all instances
of gestures were first identified, and the form and primary function of the identified gestures
were subsequently coded based on the corresponding content of production. As such, it was
not possible to disentangle if a gesture was necessarily produced during lexical retrieval
problems, or for other communicative purposes (or for both of them). Critically, WFDs not
accompanied by gestures were not identified.

To examine the relationship between co-verbal gesture use and lexical retrieval more
rigorously among unimpaired speakers and PWA, the current study adopted a method
different from Kong, Law, Wat, et al. (2015) and Kong et al. (2017). All instances of WFD
in controls and PWA were first identified, before examining if each incident co-occurred
with the speakers’ employment of a gesture. Subsequently, whether the target was
successfully retrieved after using the gesture would be determined. This investigative
approach, similar to Lanyon and Rose (2009), should reveal a more complete picture of the
relationship between WFD and gesture employment. Specifically, this study aimed to
address these research questions:

(RQ1) When unimpaired speakers and PWA experienced WFD, how frequently did
they employ co-verbal gestures? Among instances of gesture use, did the two groups
use gesture forms differently, based on the six gesture forms in Kong, Law, Kwan, et
al. (2015)?

(RQ2) Was employment of co-verbal gestures after WFD associated with improved
retrieval of target lexicons? And did unimpaired speakers and PWA show different
patterns (and distribution) of gesture forms?

(RQ3a) How well did speaker group and gesture use predict success rate of target
word retrieval?

(RQ3b) For PWAs, how predictive were factors of gesture use, aphasia severity,
semantic processing integrity, and naming ability of success rate of resolving WFD?

A total of 116 participants were selected from Cantonese AphasiaBank. They included 58
fluent PWA and 58 controls matched in age (x3 years) and education (£3 years). Each
participant group aged between 30 and 75 years (PWA: mean = 55.42, SD = 9.21; Controls:
mean = 55.20, SD = 9.54), and the range of education level was 0-16 years in the PWA
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(mean =9.31, SD = 3.38) and 3-16 years in the control group (mean = 10.19, SD = 2.86).
According to the CAB, there were 55 PWA with anomic and three with transcortical sensory
aphasia (mean aphasia quotient; AQ = 88.83, SD = 6.52). This study focused on fluent PWA
as they were expected to produce narratives with WFD that could be easily identified. This is
unlike non-fluent PWA who would very often struggle with WFD and sentence construction
at the same time.

For each participant, three narrative samples were extracted from the database, including
procedural description of making an egg and ham sandwich, and story-telling of “The Boy
Who Cried Wolf” (Story 1) and “The Hare and the Tortoise” (Story 2). These samples were
reviewed to see if any speakers had shown obvious confusion about the content or if the
picture cue was accidentally present during story-telling production; such data were
excluded from analysis. After this step, a total of 58 procedural samples, 51 samples of
Story 1, and 55 samples of Story 2 in the PWA group were processed. As for the control
group, there were 58 procedural samples, 54 samples of Story 1, and 57 samples of Story 2.

Data analysis

For each video, all incidents of WFD were identified using the indicators previously
reviewed in Introduction. Details about the definitions, source, and examples of each
indicator are given in Appendix A. Note that an instance of WFD may be reflected by one or
more WFD indicators. Data analysis was conducted in ELAN (Max Planck Institute for
Psycholinguistics, 2002). Three independent tiers, namely “WFD (success)”, “WFD_signs”
and “WFD_gestures”, were created for each file (see Figure 1).

All WFD indicators shown in each occurrence of WFD were annotated in the tier
“WFD_signs”. After the identification stage, the success of word-retrieval in each WFD
instance was determined based on whether the production matched the expected target
words in the task. The success of word retrieval was annotated in the tier “WFD (success)”
with an annotation of “Y’ or ‘N’ representing successful or unsuccessful resolutions. For
each WFD, all gestures produced within the time window of the WFD instance were also
noted3. The corresponding gesture form(s) (Kong, Law, Kwan, et al., 2015) of the identified
gestures were recorded in the tier “WFD_gestures”.

Inter- and Intra-rater reliability

Data from six PWA and six controls (10% of total samples) were randomly selected. This
subset of data was reanalyzed by an independent rater and also by the third author to
establish the inter-rater and intra-rater reliabilities, respectively. The independent rater
received a 3-hour training on the gesture annotation system, with examples of annotated
videos and hands-on practice on annotating WFD, prior to coding. Kendall’s tau coefficients
and point-to-point agreement were employed to examine the consistency of coding the WFD
indicators, gesture forms, and incidents of successful WFD. As shown in Table 1, all
Kendall’s tau coefficients were statistically significant, suggesting a high consistency

3The number of gestures might vary from zero to the number of gestures identified.
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between raters in the identification of WFD indicators, assignment of gesture forms, and
determination of successful target word retrieval. The coefficients of intra-rater reliability
were generally higher than those of inter-rater reliability; this was also the case for point-to-
point agreements®.

Statistical analysis

RQ1 was addressed by examining descriptive statistics. Prior to addressing RQ2, a subset of
the participants (24 control-PWA pairs) who had used gestures at least once during WFD
were selected. A two-way mixed ANOVA was conducted with the within-subject factor of
two levels (with gestures and without gestures), and the between-subject factor (control and
PWA). The dependent variable was the success rate of word retrieval during WFD. There
were two success rates calculated for each participant: (i) success rate with the use of
gestures (i.e., percentage of the total number of successful resolution of WFD with presence
of gestures + total number of WFD with presence of gestures), and (ii) success rate without
the use of gestures (i.e., percentage of the total number of successful resolution of WFD
without gestures + total number of WFD without gestures).

Two stepwise multiple regression analyses were conducted to answer RQ3a and RQ3b,
respectively. Prior to that, the overall success rate of word retrieval (i.e., percentage of the
total number of successful resolution of WFD =+ total number of WFD) was calculated for
each participant. In addition, the ratio of content-carrying to non-content carrying gesture
(i.e., total number of iconic, metaphoric, deictic, and emblem gestures + total number of beat
and non-identifiable gestures) was computed. This ratio was chosen to be the predictor of
gesture use in this study because Kong, Law, and Chak (2017), who examined gesture
employment in Cantonese-speaking controls and PWA, revealed a double dissociation of
content-carrying versus non-content carrying gestures for facilitating lexical retrieval in the
two speaker groups.

To address RQ3a, the predicted variable (i.e., success rate of word retrieval) of all
participants and the following predictor variables were entered to generate a correlation
matrix: (1) speaker group, and (2) ratio of content-carrying to non-content carrying gesture.
Similarly, to address RQ3b, the same predicted variable and the predictor variables of
PWA’s language test scores (extracted from Cantonese AphasiaBank) were employed to
generate a correlation matrix: (1) CAB AQ representing aphasia severity, (2) scores of
Spoken Word-Picture Matching (SWPM), (3) scores of Written Word-Picture Matching
(WWPM), (4) adopted Pyramid and Palm Tree Test (PPTT) scores, (5) scores of Synonym
Judgment Test, (6) scores of selected items PPTT and Associative Match test in the
Birmingham Object Recognition Battery representing non-verbal semantics abilities, (7)
object naming scores, (8) action naming scores showing oral naming ability, and (9) ratio of
content-carrying to non-content carrying gesture. Only those variables, except for gesture
use, with significant correlation coefficient with success rate were chosen for conducting a
stepwise multiple regression analysis. Furthermore, when two predictor variables were
statistically highly correlated with each other, the one showing a higher correlation, i.e.,

4A careful post-hoc examination of the raw data revealed that disagreements on WFD identification between raters mainly occurred in
ungrammatical, slurred, or poorly articulated utterances.
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higher criterion coefficient, with the success rate was entered in the regression analysis to
avoid multicollinearity.

There were 1,162 and 1,779 incidents of WFD in the control and PWA group, respectively.
All participants experienced WFD at least once in their production tasks. The distribution of
WEFD indicators across the two groups is shown in Table 2. The top three WFD indicators
for both speaker groups were false-start, revision, and repetition. Table 3 details the
participants’ use of different gestures in connection to different indicators of WFD. PWA
tended to employ non-identifiable gestures after WFD indicated by false-starts and
repetitions. The controls also used the same types of gestures after WFD indicated by false-
starts and revisions.

Concerning RQ1, a total of 14 PWA and 34 control speakers did not employ any gestures
during WFD. The mean rate of gesture was 33.4% in PWAs (SD = 33.6%, 0-100%), but
only 9.4% in controls (SD = 15.8%, 0-59%). Interesting, gestures were not necessarily
employed during WFD. Our findings suggested that, for both speaker groups, over half of
the identified WFD were not followed by the use of gestures. On average, the PWA
employed gestures in 40.0% of their WFD (n=1,308), which was more than four times the
rate of the controls (9.4% of WFD; n=989).

When controls and PWA experienced WFD and employed co-verbal gestures, both groups
used non-identifiable gestures most frequently, followed by deictic gestures (RQ1). This

observed distribution of gesture forms did not seem to be related to whether the WFD was
eventually resolved, i.e., the corresponding target words were successfully retrieved, or not
(RQ2). Table 4 displays the distribution of gestures forms during WFD of our participants.

As to whether employing co-verbal gestures was associated with greater success of target
word retrieval when PWA (and control speakers) experienced WFD (RQ2), the results of the
two-way mixed ANOVA revealed a significant main effect of speaker group (i.e., the
between-subject factor) [A(1, 46) = 6.45, p< .05, 2 = .12]. The success rate of target word
retrieval was significantly higher for control speakers (mean = 78.6%, SD = 3.9%) than the
PWA (mean = 64.7%, SD = 3.9%). However, neither the main effect of gesture use nor the
interaction effect was significant (p > .65), indicating that gesture use did not affect success
rate of word retrieval in either speaker group.

Addressing RQ3a, the results of the stepwise multiple regression analysis suggested that
only “speaker group” significantly predicted success rate (8= 0.328, p<.01); it accounted
for 10.8% of the variance of the success rate [A1, 58) = 7.004, p< .01; RZ=.108]. In regard
to the best predictor for success rate of target word retrieval in PWA (RQ3b), descriptive
statistics of the predicted variable (i.e., success rate of word retrieval) and the predictor
variables are given in Table 5. A correlation matrix between predicted and predictor
variables is shown in Table 6. Success rate was significantly correlated with CAB AQ,
SWPM, object naming and action naming scores. Among the predictors, oral naming and
action naming scores were conceptually and statistically highly correlated as they both
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assessed naming abilities. Since the correlation coefficient of object naming was greater than
that of action naming, object naming was selected as the predictor variable. The predictor
variables finally included in the stepwise regression were (1) CAB AQ, (2) SWPM score, (3)
object naming score, and (4) ratio of content-carrying to non-content carrying gestures. The
predictor variables that significantly predicted success rate were object naming and CAB
AQ. Object naming accounted for 35.9% of the variance, and CAB AQ accounted for an
additional 8.8% (see details in Table 7).

Discussion

The present investigation examined whether and how co-verbal gestures were associated
with lexical retrieval in connected speech among fluent PWA and controls. It distinguished
from most previous examinations in terms of a much bigger sample size of PWA with
carefully matched control speakers. One may consider it a response to Cocks, Dipper,
Middleton, and Morgan (2011) who have emphasized the critical need of larger-scale studies
exploring gestures in PWA.

Somewhat contrary to common expectation, unimpaired speakers appeared to have
experienced many WFD, on average 20.03 WFD per control (versus 30.67 per PWA). We
attribute the unexpected observation to our application of a comprehensive (and thus larger)
set of 15 WFD indicators to unimpaired speakers whose WFDs have rarely been
systematically examined. Out of the nine original investigations from which we adapted the
indicators, only two included unimpaired participants (i.e., Brookshire & Nicolas, 1995;
Schmitter-Edgecombe et al., 2000). Our findings, therefore, constitute important empirical
evidence of the WFD phenomenon in spontaneous spoken narratives of unimpaired
individuals, challenging the typical assumption of minimal or lack of WFD drawn from
studies of single-word production.

Our analyses also found that over half of the controls and around 25% of the PWAs did not
employ any gestures when experiencing WFD, compatible with Rauscher et al.’s (1996)
hypothesis that gesture employment was dependent on whether the speech content involved
spatial references, and the fact that the discourse tasks in this study (i.e., procedural
description and story-telling) did not require much description of visuo-spatial information.
To better verify Rauscher et al.’s claim, future studies may use discourse tasks that involve
topics or contents with spatial references, to create a greater demand for participants to
gesture. Moreover, there were qualitative differences between the WFD indicators shown in
PWA and control groups. Revision was the second and third most frequent sign of WFD in
controls and PWA, respectively; pauses and fillers were also frequent in PWA but not in
controls. Note that the indicators of pauses, fillers, and revisions may have been caused by
factors other than WFD, as they are commonly associated with planning, formation, or
organizing a clause or a sentence, or reorganizing or reformulating ideas during spoken
discourse production (Blankenship & Kay, 1964; Clark, 2002; Maclay & Osgood, 1959).
Differentiating the underlying causes of occurrence of these signs may be crucial to
understanding their corresponding connection to various communication breakdown of
discourse.
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The Lexical Retrieval Hypothesis specifies that only lexical gestures, particularly iconic and
metaphoric, can facilitate word retrieval because of their embedded motoric information of
the concepts of lexicons. However, most previous studies involving PWA (such as Lanyon &
Rose, 2009) are limited in terms of their lack of full-scale considerations of different non-
content-carrying gestures. The absence of main effect of gesture use in our findings does not
support the Lexical Retrieval Hypothesis. The observed high proportions of non-identifiable
form of gestures in both PWA and controls (as compared to around 10% of iconic and
metaphoric forms) associated with WFD are also worth noting. In fact, Kim, Stierwalt,
LaPointe, and Bourgeois (2015) reported results comparable to ours in which co-verbal
movements (similar to non-content carrying gestures) outnumbered iconic and deictic
gestures used by PWA during WFD. These findings have collectively contradicted Lanyon
and Rose (2009), in which meaning-laden gestures accounted for more than 90% of all
gestures produced during WFD in conversational samples of PWA.

Note that when our unimpaired speakers and PWA were successful in retrieving target words
using gestures, the distribution of gesture forms was similar to that of all incidents of WFD
(irrespective of resolution of WFD). This is consistent with Beattie and Coughlan (1999) and
Cocks, Dipper, Pritchard, and Morgan (2013), in which no particular gesture form was
related to resolving WFD in connected speech. Interestingly, it was the controls (not PWA)
who were more successful in resolving WFD in spoken discourse with the use of gestures.

Regarding factors that were predictive of success rate of resolving WFD in discourse, it was
found that PWA'’s object naming score was the strongest predictor, followed by CAB AQ.
This finding parallels the strong and positive correlation between picture naming and noun
or content word production in conversation reported by Herbert, Hickin, Howard, Osborne,
and Best (2008). It further supports that the mental processes involved in lexical retrieval
during picture naming and production of connected speech are similar. PWA with a higher
CAB AQ are less impaired in overall language skills and, thus, more capable of resolving
WEFD. The above observations are clinically important in two ways. Firstly, rehabilitation of
anomia at the single-word level may potentially enhance naming at the discourse level.
Secondly, one may expect better prognosis in PWA’s word retrieval in spoken discourse for
those with better confrontation naming performance; this is especially the case for those who
demonstrate a higher overall degree of language integrity.

In an attempt to determine the communicative functions of the iconic and metaphoric
gestures produced by our participants during WFD, we cross-checked the independent
annotations of gesture forms and functions in our previous studies (Kong, Law, Wat, et al.,
2015; Kong et al., 2017). It was found that these gestures were coded for function of
enhancing language content or providing additional information to listeners. Following
Holler, Turner, and Varcianna (2013) who concluded that representational gestures (similar
to our iconic and metaphoric gestures) were produced for communicative purposes during
TOT in unimpaired speakers, it is argued that iconic and metaphoric gestures serve another
important (and additional) clinical function that may be incorporated into rehabilitation
aiming at PWA’s communication. Since the current study has focused on PWA with fluent
aphasia, examining whether and how our findings may be applicable to a wider range of
aphasia syndromes and severity is recommended.
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Distinction between errors of word production (e.g., resulting from phonetic encoding errors
or apraxia of speech) and word retrieval (e.g., resulting from degraded semantics, poor
semantic to phonologic mapping, or poor phonologic access/encoding) is not
straightforward. It was possible that the WFDs coded in the present investigation, in fact,
included word production errors, given the relatively broad definitions and features of
WEFDs. The mechanisms for gestures to potentially facilitate word retrieval errors are more
clearly understood than those for word production errors (Lanyon & Rose, 2009); this was
also highlighted in a recent experimental study by Kroenke, Kraft, Regenbrecht, and Obrig
(2013) who reported gesture facilitation effects for PWA with phonological access problems
(but not for those with purely semantic or word production problems). Due to the inclusive
coding approach adopted here, one may argue the possible masking effect of particular
gesture types on specific WFDs, which can be considered as a limitation of this study.

Previous research on PWA’s use of gesture has suggested a close relationship between
gesture and the semantics of language based on English speakers (e.g., Kita & Ozyurek,
2003; Cocks et al., 2013; Dipper, Pritchard, Morgan, & Cocks, 2015) and Cantonese-
speaking PWA (see Kong, Law, Wat, et al., 2015). In light of the comprehensiveness of our
existing coding system of WFD, as shown in Table 3, two indicators including “comment”
and “circumlocution” were noted to be rarely present in the raw data. Interestingly, some of
our Cantonese-speaking participants showed some unique patterns of WFD that did not fall
into the existing framework of WFD indicators. They include prolonging a word preceding
the target word, and replacing the target word with a relevant English word, among others.
Given that speakers of different languages are characterized by their use of culturally unique
gestures (Graham & Argyle, 1975; Kendon, 1997; Yammiyavar, Clemmensen, & Kumatr,
2008), these signs may be cultural-specific. Future examination involving more systematic
investigations in how linguistic properties of Chinese may affect gesture use in typical
speakers and those with aphasia is warranted.

Appendix A

Description of WFD Indicators

Sign Definition Example Sources
Verbal paraphasia Substitution of the Production in TorHa Boyle, 2004, 2014;
target word by a e Pashek &
semantically-related or ~ PAR: % W[5 48 = Tompkins, 2002;
unrelated real word %mor:  n|tou3=rabbit adv|zau6=then prep| E((:jh?cl(t)tr%rt-) e
tung4=with njmaaul=cat v|+v| Vegneski &’.]ones
Cc0i3+v|paau2=race. 2000 '

gloss:  The rabbit then races with the cat.

[In this example, the target word ‘wolf’ (3R)
was substituted by ‘cat’ (3#).]

Phonemic paraphasia  Substitution of the Production in CryWf Boyle, 2004, 2014,
target word by a non- . - i 2015;
word which is PAR:  ZEPARH A 0 AR liud [ 3R] T Mayer & Murray,

phonologically-related 2003

to the target word %mor:  adv|dat6jindgaanl=suddenly adv|

zau6=then v|ngaai3=shout n|
long4=wolf v|loi4=come sfp|liu5.
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Sign

Definition

Example

Sources

gloss:  Then, (he) suddenly shouts ‘Here
(comes) the wolf’.

[In this example, the target word ‘come’
(3&), which should be pronounced as “loi4’
in Cantonese, was realized as ‘liu4’.]

Neologism/jargon

Substitution of the
target word by non-
words which are
phonologically
unrelated to the target
word

Production in EggHm

PAR: ) &jaudjaudzau2zaud 9] 0f 18]

%mor:  clldil=some v]cit3=cut asp|
zo2=perfective cl|dil=some n|
binl=side.

gloss:  Cut the sides of the (bread).

[In this example, the target word ‘bread’ (38
‘&), which should be pronounced as
‘min6baaul’ in Cantonese, was realized as
‘&jaudjaudzau2zaud&rsquor;.]

Boyle, 2004, 2014;
Brookshire &
Nicholas, 1995;
Pashek &
Tompkins, 2002

False-start

Partial production of
the target word or its
substitution; a

phonological fragment

PAR: fBEf TR IR Hitk &f&fF & &
IR .

%mor:  pro|keoi5=he poss|ge3=possessive
njgunglzok3=work sfp|nel. adv|
zau6hai6=that_is v|+v|fu6+n|
zaak3=be_responsible_for v|+v|
fong3-+n[joeng4=herding_sheep
sfp|laal=imperative.

gloss: In his work, he f... f... is
responsible for herding the sheep.

[In this example, before producing the target
word ‘be responsible for’ (B &),
phonological fragment ‘&f&f” was
produced.]

Boyle, 2004, 2014,
2015;

Brookshire &
Nicholas, 1995;
Doyle et al., 2010;
McNeil et al., 2007

Revision

Changes or

reformulations made to

one or more previous
words

PAR: M £ % ENi% if] € & € 0.

%mor:  dem|go2=that cl|zek3=cl n|
maaul=cat adv|ziklhai6=that_is
dem|go2=that cl|zek3=cl n|
gwail=tortoise v|paad=crawl sfp|

Boyle, 2004, 2014;
Doyle et al., 2010;
Mayer & Murray,
2003; McNeil et
al., 2007;
Schmitter-
Edgecombe et al.,
2000

Repetition

Exact repetition of
words or phrases that
are not produced for
emphasis

lol

gloss:  The cat, | mean the tortoise,
crawls.

PAR: MBI AIN XX M IE B

%mor:  adv|zau6=then adv:neglmou5=no
v|heoi3=go v|gau3=rescue pro|
keoi5=he sfp|laak3.

gloss:  Then, (they) do not go... go...
go... (to somewhere and) save
him.

Boyle, 2004, 2014,
2015; Brookshire
& Nicholas, 1995;
Doyle et al., 2010;
McNeil et al.,
2007; Schmitter-
Edgecombe et al.,
2000

Pause

A within-utterance
prolonged unfilled

pause which lasts for at

least two seconds

PAR: % 1% IR B () 56 1% Wk
1.

%mor:  v|dou3=arrive adv|
zeoi3hau6=lastly sfpnel adv|
zau6hai6=that_is n|gwail=tortoise
v|hai6=be v|jeng4=win asp|
zo2=perfective sfp|laak3.

gloss: At last, it is (pause) the tortoise
that has won.

Doyle et al., 2010;
Mayer & Murray,
2003; Pashek &
Tompkins, 2002
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Sign

Definition

Example

Sources

Filler

A within-utterance
prolonged filled pause
which lasts for at least
two seconds

PAR: igfz TTLL A 6 e6 e6 Il 1) T)

%mor:  adv|ganlzyu6=then aux|
ho2ji5=may v|jung6=use fil|e6 fil|
€6 fille6 dem|go2=that cl|
dil=some n|doul=knife sfp|
laal=imperative.

gloss:  Then, (we) can use (fillers) those
knives.

Mayer & Murray,
2003;

Pashek &
Tompkins, 2002

Abandoned sentence

An utterance which is
voluntarily stopped by
the speaker before it is
completed

PAR: g ha %R EIR B ok FrDL B
+...

%mor:  connlji4=and n|
siu2baak6to3=rabbit conn|
janlwai6=because v|+v|fan3+adj|
zoek6=fall_asleep asp|
zo2=perfective. conn|
sozji5=therefore adv|zau6=then
adv:negjmou5=no +....

gloss:  And because the rabbit fell asleep,
(it) did not ...

Brookshire &
Nicholas, 1995;
McNeil et al., 2007

Deletion

Obvious deletion of a
main verb or a noun

PAR:  BJti% 5 4BE 1RE 1E1R.

%mor:  conn|sau2sinl=firstly prep|
zoengl=by_means_of cl|faai3=cl
n|min6baaul=bread n|
guk6loud=oven loc|
leoi5bin6=inside.

gloss:  Then, the bread is (put) in the
oven.

[In this example, the main verb ‘put’ (}&
was deleted.]

Mayer & Murray,
2003

Comment

A comment made
regarding the speaker’s
knowledge of item

PAR: RS A% §F €6 +... 1B & 5
sill:

%mor:  conn|janlwai6=because n|
baak6to3=rabbit adv|hou2=very
fille6 +... adv:neglm4=not v|
sik1=know v|gong2=say V|
giu3=call adjlhou2=good sfp|me1.

gloss: Because the rabbit is very ... (I)
don’t know the word after ‘very’.

Boyle, 2004, 2014;
Brookshire &
Nicholas, 1995;
Mayer & Murray,
2003; Pashek &
Tompkins, 2002;
Schmitter-
Edgecombe et al.,
2000

Indefinite word

Words that are vague
and non-specific

PAR: B % 1B &L

%mor:  v]jaus=have num|loeng5=two cl|
joeng6=cl n|je5=thing n|
coi3paau2=race.

gloss:  There are two things having a
race.

[In this example, the target word ‘animal’
(E/#1) was substituted by “thing’ (1#).]

Boyle, 2004, 2014;
Brookshire &
Nicholas, 1995;
Mayer & Murray,
2003; Schmitter-
Edgecombe et al.,
2000

Overuse of pronoun/
pronoun without
antecedent

Use of pronouns which
the referent is
ambiguous

PAR: fEIB1ES1E .

%mor:  prolkeoi5=he adv:neg|m4=not v|
seon3=believe pro|keoi5=he v|
gong2=say.

gloss: He does not believe what he says.

Mayer & Murray,
2003

Aphasiology. Author manuscript; available in PMC 2020 January 01.
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Sign Definition Example Sources
Circumlocution Use of word or phrases  PAR:  #E7&% — R RIS IR (U R4 Pashek &
to describe certain 7. Tompkins, 2002
features or functions of i .
the target noun or verb ~ %mor:  v|baai2=put v:dirc|+v|lok6+v|
heoi3=go_down num|jatl=one cl|
go3 vjzinl=shallow_fry stprt|dakl
adjlaam1=correct n|wai6=position
stprt|ge3 n|dei6fongl=place.
gloss:  Put (it) down to a correct position
for frying.
Note: Abbreviation of the symbols in the PAR line: [: text] replacement; & phonological fragment; [/] repetition; (..) long
pause; +... trailing off. Abbreviation of the part-of-speech in the %mor line: adj adjective; adv adver; adv:neg adverb:
negation; asp aspect marker; aux auxiliary verb; cl classifier; conn connective; dem demonstrative; fil filler; loc locative; n
noun; num numeral; poss possessive; prep preposition; pro pronoun; sfp sentence-final particle; stprt sentence particle; v
verb; v:dirc v: direction (see details in MacWhinney, 2000).
References

Beattie G, Coughlan J. 1999; An experimental investigation of the role of iconic gestures in lexical
access using the tip-of-the-tongue phenomenon. British Journal of Psychology. 90(1):35-56.
[PubMed: 10085545]
Blankenship J, Kay C. 1964; Hesitation phenomena in English speech: A study in distribution. Word.
20(3):360-372.
Boyle M. 2004; Semantic feature analysis treatment for anomia in two fluent aphasia syndromes.
American Journal of Speech-Language Pathology. 13(3):236-249. [PubMed: 15339233]
Boyle M. 2014; Test-retest stability of word retrieval in aphasic discourse. Journal of Speech,
Language, and Hearing Research. 57(3):966-978.
Boyle M. 2015; Stability of Word-Retrieval-Errors with the AphasiaBank stimuli. American Journal of
Speech-Language Pathology. doi: 10.1044/2015_AJSLP-14-0152
Brookshire R, Nicholas L. 1995; Performance deviations in the connected speech of adults with no
brain damage and adults with aphasia. American Journal of Speech-Language Pathology. 4(4):118-
123.
Butterworth B, Hadar U. 1989; Gesture, speech, and computational stages: A reply to McNeill.
Psychological Review. 96:168-174. [PubMed: 2467319]
Clark HH. 2002; Speaking in time. Speech Communication. 36:5-13.
Cocks N, Dipper L, Middleton R, Morgan G. 2011; What can iconic gestures tell us about the language
system? A case of conduction aphasia. International Journal of Language and Communication
Disorders. 46:423-436. DOI: 10.3109/13682822.2010.520813 [PubMed: 21771218]
Cocks N, Dipper L, Pritchard M, Morgan G. 2013; The impact of impaired semantic knowledge on
spontaneous iconic gesture production. Aphasiology. 27(9):1050-1069. [PubMed: 24058228]
Dipper L, Pritchard M, Morgan G, Cocks N. 2015; The language—gesture connection: Evidence from
aphasia. Clinical Linguistics and Phonetics. 29(8-10):748-763. [PubMed: 26169504]

de Ruiter J. 2006; Can gesticulation help aphasic people speak, or rather, communicate? International
Journal of Speech-Language Pathology. 8(2):124-127.

de Ruiter P, Bangerter A, Dings P. 2012; The interplay between gesture and speech in the production of
referring expression: Investigating the tradeoff hypothesis. Topics in Cognitive Science. 4:232—
248. [PubMed: 22389109]

de Ruiter J, de Beer C. 2013; A critical evaluation of models of gesture and speech production for

understanding gesture in aphasia. Aphasisology. 27(9):1015-1030.

Doyle P, McNeil M, Park G, Goda A, Rubenstein E, Spencer K, Carrol B, Lustig A, Szwarc L. 2000;

Linguistic validation of four parallel forms of a story retelling procedure. Aphasiology. 14(5-6):
537-549.

Aphasiology. Author manuscript; available in PMC 2020 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kong et al.

Page 14

Frick-Horbury D, Guttentag R. 1998; The effects of restricting hand gesture production on lexical
retrieval and free recall. The American Journal of Psychology. 111(1):43.

Goksun T, Lehet M, Malykhina K, Chatterjee A. 2015; Spontaneous gesture and spatial language:
Evidence from focal brain injury. Brain and Language. 150:1-13. [PubMed: 26283001]

Graham JA, Argyle M. 1975; A cross cultural study of the communication of extra-verbal meaning by
gestures. International Journal of Psychology. 10(1):57-67.

Graham J, Heywood S. 1975; The effects of elimination of hand gestures and of verbal codability on
speech performance. European Journal of Social Psychology. 5(2):189-195.

Herbert R, Hickin J, Howard D, Osborne F, Best W. 2008; Do picture-naming tests provide a valid
assessment of lexical retrieval in conversation in aphasia? Aphasiology. 22(2):184-203.

Holler J, Turner K, Varcianna T. 2013; It’s on the tip of my fingers: Co-speech gestures during lexical
retrieval in different social contexts. Language and Cognitive Processes. 28(10):1509-1518.

Kendon A. 1997; Gesture. Annual Review of Anthropology. 26:109-128.

Kim M, Stierwalt J, LaPointe L, Bourgeois M. 2015; The use of gesture following traumatic brain
injury: a preliminary analysis. Aphasiology. 29(6):665-684.

Kita, S. How representational gestures help speaking. In: McNeill, D, editor. Language and gesture.
Cambridge: Cambridge University Press; 2000. 162-185.

Kita S, Ozyurek A. 2003; What does cross-linguistic variation in semantic coordination of speech and
gesture reveal? Evidence for an interface representation of spatial thinking and speaking. Journal
of Memory and Language. 48(1):16-32.

Kong, AP-H; Law, S-P. Cantonese AphasiaBank. 2015. Available at http://www.speech.hku.hk/
caphbank/search/

Kong APH, Law SP, Chak G. 2017; A comparison of co-verbal gesture use in oral discourse among
speakers with fluent and non-fluent aphasia. Journal of Speech, Language, and Hearing Research.
60:2031-2046.

Kong APH, Law SP, Kwan C, Lai C, Lam V. 2015; A Coding System with Independent Annotations of
Gesture Forms and Functions During Verbal Communication: Development of a Database of
Speech and GEsture (DoSaGE). Journal of nonverbal behavior. 39(1):93-111. [PubMed:
25667563]

Kong APH, Law SP, Wat W, Lai C. 2015; Co-verbal gestures among speakers with aphasia: Influence
of aphasia severity, linguistic and semantic skills, and hemiplegia on gesture employment in oral
discourse. Journal of Communication Disorders. 56:88-102. [PubMed: 26186256]

Krauss, R, Chen, Y, Gottesman, R. Lexical gestures and lexical access: A process model. In: McNeill,
D, editor. Language and gesture. Cambridge: Cambridge University Press; 2000. 261-283.

Kroenke KM, Kraft I, Regenbrecht F, Obrig H. 2013; Lexical learning in mild aphasia: Gesture benefit
depends on patholinguistic profile and lesion pattern. Cortex. 49(10):2637-2649. [PubMed:
24001598]

Lanyon L, Rose M. 2009; Do the hands have it? The facilitation effects of arm and hand gesture on
word retrieval in aphasia. Aphasiology. 23(7-8):809-822.

Maclay H, Osgood CE. 1959; Hesitation phenomena in spontaneous English speech. Word. 15:19-44.

MacWhinney, B. The CHILDES Project: Tools for analyzing talk. Mahwah, NJ: Lawrence Erlbaum
Associates; 2000.

Max Planck Institute for Psycholinguistics. 2002. http://www.lat-mpi.eu/tools/elan/

Mayer J, Murray L. 2003; Functional measures of naming in aphasia: Word retrieval in confrontation
naming versus connected speech. Aphasiology. 17(5):481-497.

McNeill, D. Hand and mind: What gestures reveal about thought. Chicago: University of Chicago
Press; 1992.

McNeill, D. Gesture and thought. Chicago: University of Chicago Press; 2005.

McNeil M, Sung J, Yang D, Pratt S, Fossett T, Doyle P, Pavelko S. 2007; Comparing connected
language elicitation procedures in persons with aphasia: Concurrent validation of the story retell
procedure. Aphasiology. 21(6-8):775-790.

Morsella E, Krauss R. 2004; The role of gestures in spatial working memory and speech. The
American Journal of Psychology. 117(3):411-424. [PubMed: 15457809]

Aphasiology. Author manuscript; available in PMC 2020 January 01.


http://www.speech.hku.hk/caphbank/search/
http://www.speech.hku.hk/caphbank/search/
http://www.lat-mpi.eu/tools/elan/

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kong et al.

Page 15

Pashek G, Tompkins C. 2002; Context and word class influences on lexical retrieval in aphasia.
Aphasiology. 16(3):261-286.

Rauscher F, Krauss R, Chen Y. 1996; Gesture, speech, and lexical access: The role of lexical
movements in speech production. Psychological Science. 7(4):226-231.

Raymer A, Singletary F, Rodriguez A, Ciampitti M, Heilman K, Rothi L. 2006; Effects of gesture+
verbal treatment for noun and verb retrieval in aphasia. Journal of the International
Neuropsychological Society. 12(06):867-882. [PubMed: 17064449]

Reimann, C, Filzmoser, P, Garrett, R, Dutter, R. Statistical data analysis explained. Chichester, UK:
John Wiley & Sons; 2008.

Rose M, Douglas J. 2001; The differential facilitatory effects of gesture and visualization processes on
object naming in aphasia. Aphasiology. 15:977-990.

Rose M, Raymer A, Lanyon L, Attard M. 2013; A systematic review of gesture treatments for post-
stroke aphasia. Aphasiology. 27(9):1090-1127.

Rose M, Sussmilch G. 2008; The effects of semantic and gesture treatments on verb retrieval and verb
use in aphasia. Aphasiology. 22(7-8):691-706.

Schmitter-Edgecombe M, Vesneski M, Jones D. 2000; Aging and word-finding: A comparison of
spontaneous and constrained naming tests. Archives of Clinical Neuropsychology. 15(6):479-493.
[PubMed: 14590203]

Van der Sluis I, Krahmer E. 2007; Generating multimodal references. Discourse Processes. 44(3):145—
174.

Willems R, Hagoort P. 2007; Neural evidence for the interplay between language, gesture, and action:
A review. Brain and language. 101(3):278-289. [PubMed: 17416411]

Yammiyavar P, Clemmensen T, Kumar J. 2008; Influence of cultural background on non-verbal
communication in a usability testing situation. International Journal of Design. 2(2):31-40.

Yiu E. 1992; Linguistic assessment of Chinese-speaking aphasics: Development of a Cantonese
aphasia battery. Journal of Neurolinguistics. 7(4):379-424.

Aphasiology. Author manuscript; available in PMC 2020 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kong et al.

Video showing the Tiers containing
participant
producing the
discourse

information on different
aspects of the narrative

production /

Video NN

L IR

v
J0:03.000 00:00:04.000 00:00:05.000 00:00:06.000 ;
PAR zaub o6 8.
~TTEl
Form non
120]
Function |l'l0
120] I |
Y
WFD (
xuccus[:;{ I
WED._signs | filler + pause
7 |
non
WFD_gestures l—
szl | |
Figure 1.

Independent tiers in ELAN file

Aphasiology. Author manuscript; available in PMC 2020 January 01.

Page 16

Extracted from database

Linguistic information

Form of gestures
Function of gestures
New annotations
for analysis of
word-finding

difficulty (WFD)
Successful

" resolution of WFD

¥~ Indicator of WFD

<«—— Gesture use in WFD




Page 17

Aphasiology. Author manuscript; available in PMC 2020 January 01.

Kong et al.

sxex 38 s 09 |NJSS829NSUN
s 06 o I [NJSs300NS
(627/LLT) (9971/¢5T)

%686 %9'T6 [eASLII3] PIOM JO $S800NS

i 00T xx 88 a|qelNupI-UON

xS xS eag

..icxoo.a e 00T wa qui3

4y 00T oy 06 analeg

) rxx V8 auoydersy

e 00 s 06 21U09]

(6LT/vLT) (991/€5T)

%C'L6 %¢'C6 (sw.ioy) aimsan

xxx 00T +xx007 PJOM 8]1uLapU|

x5 00T 2 00T BWIWOoD

s 0L P uonae@

s 0L vy YL 30USJUSS pauOpURqY

vy 06 e 09 ol

x5 00T s 08 asneq

o 88 89 uonnsdey

s 78 wxr O uoIsIney

) oy 09 MeIS-a5[e

2xx00T s 08 uoburer/wsiBojoaN

s 9L 05" riseydesed oiwsuoyd

s O8 Y eiseyde.ed [eqion
(621/85T) %E'88  (99T/52T) %€ SGL 204/ JO siopealpul

Jayed-eaiu| J8jed-Jolu|  Jsjes-eqju)  asyed-slul

JUsiza.be Ju10d-03-1Ulod 7IUSIOLJA0I NeY S, [[epusy|

[eA3LI18Y PIOAA JO SS32INS PUR -4/ JO SWI0S 81n1SS) pue 101edIpu| JO AIjIqel|ay Jalel-_iu| pue Jalel-au|

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 18

Kong et al.

‘sajdwies Ayjigerjas ayy ul seadde 1ou pip A8y} asnedaq papnjoul Jou ale ,UoINJIoJWNaIID,, pue Sluspadsjue INoylim unouoid/unouold Jo asnuano,, subis ayl Z aloN

Author Manuscript

'(800¢ 4onNQ ® NaLIRD

‘Iasowz|14 ‘uuewiay) AjaAnoadsal ‘uoneioosse abie| pue ‘alesapow ‘[jews e juasaidal 00 T-05°0 PUB ‘67°0-0€°0 ‘62°0-0T"0 4O SIUSIDI009 ‘sdIysuoIIe|al J0 YiBuais sy} a1en|eAs 0) pJepuels s,uayo) Buisn

"100" >d
*

¥¥

‘10" >d
¥

x

‘T 910N

(S6T/6LT) %816  (L€2/99T) %0°0L

Q=M 4O UoneDL US|

68’ 6L

EE2Y FHK

d4M 10 Jsquinu |e1ol

Js1el-eau| Ja1ed-131u|

Jslel-equl  191el-a31u|

1uswas.be julod-03-1ulod

TIUBID1JJ303 NEY s, |[epuay]

Author Manuscript

Author Manuscript

Author Manuscript

Aphasiology. Author manuscript; available in PMC 2020 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kong et al.

Table 2
Percentage Distribution of WFD Indicators
Speaker Groups
Indicators Controls PWAs
(total WFD Indicators = 1,162)  (total WFD Indicators = 1,779)
\erbal paraphasia 5.68 6.75
Phonemic paraphasia 3.79 6.07
Neologism/Jargon 0.52 0.90
False-start 35.46 24.17
Revision 27.62 14.45
Repetition 15.75 21.02
Pause 0.69 6.63
Filler 2.15 7.76
Abandoned sentence 5.08 6.35
Deletion 1.46 0.90
Comment 0.69 1.80
Indefinite word 1.03 2.64
Overuse of pronoun/Pronoun without antecedents 0.09 0.45
Circumlocution 0.00 0.11
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Table 4

Distribution of Different Gesture Forms during WFD

Page 21

All incidents of WFD (i.e., resolved and unresolved
WFD)

Incidents of WFD with successful retrieval of targets

(i.e., resolved WFD)

Controls PWAs Controls PWAs

Number of Gestures 100 868 78 543
Gesture forms

Iconic 7.00% 4.72% 7.69% 5.52%

Metaphoric 3.00% 5.88% 1.28% 6.26%

Deictic 21.00% 14.98% 21.79% 15.84%

Emblem 0.00% 0.58% 0.00% 0.74%

Beat 2.00% 7.03% 2.56% 7.00%

Non-identifiable 67.00% 66.82% 66.67% 64.64%
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